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SUMMARY

Several new methods have been devised for obbaining electrical con-
nection to thermocouples that are revolving at hlgh speeds. All the
methods deéepend upon sliding metallic contacts. An essemtial feature of
two of these methods is the tise of an all-copper slip ring and brush
system, which is operated under controlled scoring condltions in order
to prevent the formation of chemical films on the surfaces of the sliding
contacts.

Two genersl types of plckup -system are described with modifications
for speclal installations. One plckup system combines the copper brush
and slip ring with an axlally rotating center contact of the other ther-
mocouple metal. The other pickup system employs slip rings and brushes
of copper in both sides of the thermocouple circuit. In this system, a
method of compensation is used to equalize the thermoelectric voltages
that are generated in the Junctions between the themocouple materiais
and the copper circuits.

Both pickup systems have been proved to transmit an accurate signal
from a revolving thermocouple to within £0.045 millivolt at contect
sliding speeds up to 5400 feet per minute. This speed corresponds to
22,000 rpm for l~inch-diameter slip rings. The voltage variastion cor-
responds to £1.9° F on the chromel-alumel temperature scale and to -
+1.5° F on the iron-constantan scale. These errors are ma.xinmm, the
average is indeterminate and much smaller.

INTRODUCTION

Research on elrcraft engines at the NACA Lewls laboratory has
required the develomment of methods for transmitting signals from revolv-
ing thermocouples to the statiopary measuring circuits. Among the many
applicatione of revolving thermocouples are those for measuring the tem-
peratures of turbine and compressor bhledes in gas-turbine engines and the
temperature of anti-icing equipment on alrcraft propellers.
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A major problem in the use.of revolving thermocouples is to obtailn
connection between the stationary and revolving clrcuite in such a
manner as not to superimpose eglectricel disturbances on the true signal.
The problem resolveas into & research on methods for elther eliminating
or minimizing all undesirable electromofive forces caused by sliding
contacts, thermal Junctions, and induction. The problem aleo includes
the elimination of transient effects found to exlst wnder certain condi-
tions in ball bearings.

Research has shown that one method for conducting a practically
true signal in mull circults through a sliding contact system 1s to
employ pure copper brushes and slip rings operated dellberately under
controlled scoring conditions sco as to eliminate slip-ring film forme-
tions, which ordinarily produce loss of sensitivity by lncreasing resist-
ance at the sliding surfaces.

The technique of operating & copper brush and slip ring under
sooring conditions was applied to two general types of plckup system.
One pickup system combines the copper brush and slip ring with sn axlially
rotating center contact of some other metal, This system 1s known as
the center-contact method. Where copper forms one entire side of the
thermocouple circult, the upper temperature limit is determined by the
copper. Thls temperature limit can be avoided by the use of other
thermocouple metals and copper sllp rings in conJunction with compen-
sation, Another plckup system employs slip rings amd brushes of copper
in both sides of the thermocouple circuit; all jJunctions between the
thermocouple materials and the copper circults are contelned in an
equilibriuvm tenmperature zone. This system is known as the compensated-
thermocouple plckup method and 18 more widely used than the center-
contact method. These two pickup methods are described hereln with the
methods and the tests used in determining the accuracy ln transmititing
thermocouple glgnsls.

COMPENSATED ~THERMOCOUPLE PICEUFP METECDS

Princlple of operation, - The basic components of the compensated-
thermocouple plckup method are i1llustrated by the schematic diagram of
figure 1. The revolving measuring thermocouple T3, comprising two
metals, connects to copper leads at (€1 and (2. These connectlions are
in intimste thermal contact and are located in a zone of equilibrium
temperature. The copper circults contimme from C; and C2 +through
the copper slip rings and copper brushes to connections C3z and C4

where these circults revert to the thermoococuple metals. Connections Cxz
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and C4 are located in the same temperature zone as connections C31 and
C2. The thermocouple metals contimue to the measuring potentiometer,
which may have automatlc compensation for the reference Jjunction T4 of
the thermoelectric system.

When temperature Tz 1is equal to T3z, the electromotlive forces that
are generated at connections C1; and C2 are equal but opposite in
polarity to those generated at comnections Cz and C4. Consequently,
the relstion of volbtage to temperature between thermoccuples T; and Tg4

is not disturbed electrically regardless of the composition of the thermo-
couple metals,

An arrangement of the perts in & practical shaft-end compensated
pickup unit is illusitrated in figure 2., The unit 1s designed for four
thermocouples but only one complete clrcult is shown. The design may be
equlpped with its own mounting base and bearings, resulting in a unit
such as is shown in figure 3.

Brush design. ~ Investlgations of various brush designs resulted in
the adoption of the cantllever brush with center locading. This type of
brush (fig. 2) was found sultable for use at high rotating speeds under
conditions of unavoldable vibratlon and slip-ring eccemtricity.

A practical brush design was found to consist of =a l/8-1nch rourd
contact shoe set into one end of a phosphor bronze ocantilever spring
7/32 inch wide by 0.024~inchk thick and about 2 inches long between the
brush shoe and the first point of contact with the brush mouniting base.
A copper plgbtall was attached direcily to a small protrusion on the
brush shoe so that the bronze of the brush spring was not inciuded as
part of the thermoelectric circuit.

Brush loading was obtained with an edJusteble loedlng screw located
so a8 to bear on the exact center of the brush spring. The reguired
total brush loed was found to be between 7 and 8 ounces for brushes of
1/8- to 5/32-inch diemeter. Less loeding resulted in open brush cir-
cuits at high speeds, whereas greater loading caused unnecessary brush
wear and excessive drush heating.

In the laborebory investigation, all the copper slip rings and
brushes were fabricated from the same plece of master stock in order %o
minimize eleotromotive forces found to be present in sliding contacts of
slightly dissimilar copper. The brush circults were cloged with a
magnetic solenoid brush actuator, as shown in figure 2. Tt was found
that the brush clrculits should not be closed for perliods exceeding
30 seconds at any one time. Longer cloged~-circult perliods produced
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oxidetion fllms on the sllp rings with most lubricants. One method thatb
was found to eliminsté completely the formation of these fllms was to
operate the brushes under controlled scoring conditions in the presence
of lubricante having low gumming tendencies. Even this procedure does
not prevent oxidation where the brush temperature is allowed to exceed

a mass temperature limit of about 300° F. By using short contaoct periods
under scoring comditions, the brushes maintein freshened surfaces having
‘low electricel contect resistance. Brush wear under these conditions 1s
gevere but is within tolerable limits of several hundred hours service
when specific lubricants are used. One of the satisfactory service lubri-
cants oonsists of light instrument oil conteining about 1 gram per

liter of colloidlal graphite. o o

Laboratory investigation. ~ The laboratory apparatus used to eval-____
nate the errors introduced by the compensated-thermocouple plckup system
is shown in figure 4. All shafte were electrically grounded through
grounding brushes in order to eliminate voltage transients that were
found to be generated in the ball bearings when operating at high speeds.
The revolving thermocouple is designated T;, and the stationary cali-
bratlon reference thermocouple T,. The slip-ring dlameter was 1.0 inch.

The equllibrium temperature.zone shown in figure 4 was modeled after
the hypsometer chember described in reference 1. This type of chamber is
effeotive in preventing temperature transients in the zone. This zone-
chamber deslign is more elaborate than 18 generally necessary for routine
gervice, A simplified model is subsequently described. In the accuracy-
evaluation investigation, steam was the accepted medium for use in the
equilibrium temperature gone chamber. Steam and moisture-saturated com-
pressed. air were used as calibration medls.

The results of a few of the accuracy teste are presented in figure 5
as temperature differences between the revolving thermocouple and the
reference thermocouple for a rangé of slip-ring surface speeds up to
approximetely 5400 feet per mlnute, The data for alr and steam are in
good agreement and indicate an average error of only 0.76° F and a
maximum error of 1.3° F on the chromel-alumel temperature scale,

The initial obeervation shown at zero speed in filgure 5 1s the small
initial difference between T, and T, +thermocouples, This difference
was again observed. after the speed tests were completed.

The equilibrium temperature zone chambers shown in figures 2 and 3
are simplified models of the steam hypsometer chember of figure 4. The
function of the zone chamber is fulfllled only when the temperatures of
the Ty and Tz Junctions are exactly equal. A large lmmersion depth
of these Junctions and thelr protectlon tubes 1s necessary as insurance
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that both sets of Junctions attain the tempersture of the zone chamber.
Conversely, in order to avoid vibratlonal breakage at high rotational
speeds, the lmmersion depth of the revolving tube was limited to 10 diam-
eters, which is less than the required immersion depth discussed In
references 3 to 4, especlally for steam atmospheres.

Specilal desgign requlirements were imposed on the constructlon of the
rotating protection tubes and zone chamber to offset the low immersion
depth required for durability at high speeds. The ineide diameter of
both protection tubes depends upon the mmumber of thermocouple Junctlons
they must contain. The immersion factor of these tubes was minimlzed
by using the smellest-dlameter and thinnest-walled tubing possible in
_conjunction with the least number of thermocouples of the smallest
practical wire gage. The tubes and the chamber were made of thin
polished stainless steel. The base of The revolving tube was fitted
with a dlsk, which acted as a comblnatlon slinger ring and heat-transfer
fin. The fin was located close %o the gasket end of the zone chamber.
The gasket was made of necuvrene and was purposely Ffitted lobsely so that
sbeam escaped over the fin conbtimously. The steam inlet was directed
toward the gasket end of the chamber because the heat losses at this
end are usually greater than the losses at the domed end.

Reflective surfaces on the zone chambers are used for the same rea-
sons they are used in precision hypsometers; nemely, to protect the
interior of the chimber from changes of tempersture that might be caumed
by raedistion to or from the walls of the chamber. Where the installetion
involves nearby ducts having high wall temperatures, the zone chamber is
enclosed in a. second reflective shield or shroud. In the presence of
high external temperatures or radjation, the zone chamber shown in
figure 4 may be used. Heet loss throigh bthe zone ~-chanber mounting clampe
is minimized by reducing thermal contact between the zone chamber and its
clamp, as can be seen in Tlgure 3.

The steam supplied to the’ zone chamber is usually seturated, and pro-
vislion is made for preventing accummlations of the condensate in the steam
cavity. The outlet line from the zone chamber was vented to barometric
pressure Just below the chamber, as shown in flgure 2. Thus, in addition
to equilibrium, a known temperature was established at the barometric
gteam point. This polnt serves as a reference temperature for testing
the circuits under service condltioms.

Moisture-saturated air was found to be a sultable substitute for
steam in cases where extermal radiation sources were not present in the
-vicinity of the zome chember, although this practice is not recommended
where bearings are inatalled between the slip-ring assembly and the
T2 +tube. All thermocouple pickup bearings are air-oil mist lubricated

in order to avoid bearing overheating.
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Switching circuits. - The mumber of thermocouples that can conven=
iently Be used with the compensated thermocouple pickup method (fig. 2)
is limited for mechanical reasons. This clreult is best adapted to a
maximum of approximately six thermocouples because one palr of slip
rings end T2 Junctions are required for each measuring junction. With
more than six measuring Jjunctions, the required dilemeter of the protec-
tion tube for the Tz Junctions becomes too large ‘Yo permit the use of
the proper immersion depth at high speeds.

Where numerocus thermocouples are required, a remotely controlled
gelector switch may be buillt into the revolving shaft of the pickup unilt.
A schematic example of & revolving thermocouple plckup switch is showm in
crosg sechtlon in figure 6. The general mechanlcal arrangement consists
of & switch plunger actuated by means of a sliding coller that slides on
and revolves with the shaft. The collar is positioned by means of a

"yt yoke, which is in turn posltioned by means of sultable automatic-
control motors.

The swlitch of flgure 6, with slight modification, may be used with
either of two similar circults and with from 24 to 60 measuring Junc-
tlons. In one circuit, all T; leads contimue through the switch and
into the zone chamber where they Join the copper circuits. In this
cage a8ll switch contacts and swiltch axrms are constructed of thermocouple
metal so as to avold undesireble thermasl effects. A plckup unit of this
type 1s shown in the photograph of flgure 7, where the steam~-zone chamber
1a located at the end of the shaft.

The other circuit for use with the revolving swltches requires that
the zone chamber be located between the pickup unit and the machine under
test. In thls case, the link shaft between the plckup and the machine
contalns the T2 |Junctlions, and passes through the zone chamber. The
zone chamber is usually equipped with & steam inlet at each end and with
a center steam ocutlet. A side-entrance thermocouple well is provided
for contalning the Tz Junctlons. In this aswitch all swlich parts are
made of copper. A plokup unit of this type is shown in figure 8. In
both swltches of figures 7 and-8, the thermocouples are divided into
two groups of 12 each, thus penmitting the use of & square switch com~
partment. In plckup units for 80 thermocouples, the switch is octagonal
in form with 15 thermocouples in each of the four groups.

Equillbrium temperature zones using lligulds. - Space limitations
sometimes require aspeclal designs of pickups In which the pickup 1tself
becomes an inherent part of the machine under test. In certein cases
it has been found convenient to use either the cocling ligulid or the
fuel that 1s used in tle machine to equallize the temperature in the
zone .chamber,
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4 liguid-zone system, whilch represents the case of a Jet-driven
rotor using fuel as the zone control medla, is schematically 1llustrated
in figure 9. Fluid flow is over the Tz Junctions and thence over the
T2 Junctions. Both groups are located cloge together inside the fluid
compartment.

The use of liquids in the egqunilibrium temperature zone does not
always produce the desired temperature equilidbrium. Uneven temperature
digtribution, caused by stratification of heated fluid layers, and
cavitation may exist at high rotational spseds. In one case a strati-
fied heated water fllm from a bearlng eleveted the T2 Junctiion tem=~
perature 10° F above that of the Tz Junctions. In anobher case the
fiuid cavitated so as to expose completely the Ty Junctions with a
resultant error of -20° F. In moet cases, both stratification and cavi-
tation have been overcome by merely installlng restrictions in the out-
lets of the zone compartment. Such regtrictions are 1llustrated in
figure 9.

Applicatlons where shaft ends are Inaccessgible. ~ Where shaft ends
are inaccessible, the compensated method may be appllied by the simple
expedlent of desligning the zone chamber as a divided shroud, which is
used to enclose the revolving Tz Junctions in & sultable steam zone.
This method ls illustreted in figure 10. The revolving To Junctionms
are eilther installed in the rim of & revolving annular ring having low
thermal conductivity from the rim to the sghaft or these Junctlions may
be disposed radlally in small protectlon tubes made from hypodermic
needles. : .

Resistance ~compensated thermocouple pickups. - The stationary T3
thermocouples ordinarily used for sensing the temperabture of the zone
chamber may be replaced by a properly adJusted resistance element such
as ls used as the compensating element in compensated potentiometers.
With this cirocult copper leads are used between the pilckup unit and the
instrument. This all-copper extension clrcult is especlally adapted
to the elimination of errors due to stray induction in long-lead systems
where the instrument must be located at a point some dlstance from the
pickup unit. Another use for the ¢ircult is in the conservation of
metel where rare-metal thermocouples are used for exbreme temperatures.
In these cases, the rare metal is installed ornly between the T; meas-
uring junctions and the Ty reference Junctions. The circunilt is sche-
matically shown in figure 11. '




8 . : NACA RM ES0J23%a

CENTER-CONTACT THERMOCOUFPLE PICKUP METHODS

Principle of operation. - In the simplest robatling thermocouple
pickup system, the thermocouple signal is transmitted through contacts
located on the exla of rotation at each end of the rotating shaft. Each
contact is made of the thermoecouple metel that comprises that part of
the circuit. Polnt-conbact at the cénter of rotation permits the use
of metals other than copper without dilsturbing the measured signal. When
only one end of the rotating shaft 1s available, the center contact is
employed as one side of the circuit and a copper brush and copper slip
ring as the other side. Although the pivot conbact can be made of any
thermocouple metal, the brush and slip ring clrcuit ls limited to those
metals that do not generate disturbing electromotive forces due to

When copper is used for the entire brush, the slip ring, and one
slde of the circuit, the measuring thermccouple is limlted to the
temperature range of copper against other thermocouple metals. When
copper 18 used for the brush and slip-ring circult, then a ocompensa-
tion method permits the use of metals obher than copper at the meas~-
uring Junction. The temperature range of the center-contact method
may be extended beyond thet of copper without compensation by employ-
ing an iron slip ring end iron brush,which 1s lubricated with sulphur-~
1zed extreme-pressure lubricant. This method is a speclial case and is
not in service use as yet.

Laboratory investigation. - The apparstus used to evalunate the
accuracy with which signals were transmitted through the center-contact
copper-congtantan piclmp system ls illustrated in figure 12. Steam was
used ag the cellbrating medium. The test procedure consisted in observ-
ing the temperature differences between T; and the calibration thermo-

couple T, for varilous revolving speeds of T,;. As with the previously

described apparatus used to test ‘the compensated~thermocouple plclknp
method, all the shafts were grounded and a bifilar-spiral winding was
used on the lead wires where they passed through the motor shaft In
order to minimize the plickup of stray induction.

The data plotted 1u the curve of figure 13 represent the largest
temperature differences observed at each speed in no less than five and,
more often, ten observations. The largest single difference was -0.6° F.

Pickup design considerations. - A schematic dreawing of a center-
conbact unit that has been used in bearing-lubricatlon investigations up
to speeds of 50,000 rpm 1s shown in flgure 14. The unlt was designed
with minimum diameters of all roteting parts in order to obtain low

2027
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brush track on the slip ring was 1/8 inch. Because of the small radius,
the slip ring surface speed was sboubt 3200 feet per mimmte at 50,000 rpm.
At 3200 feet per minute, a pure copper brush end slip ring generates not
more then 0,01 millivolt In terms of temperature, this electrcmobtive
force amounts to 0.37° F on the copper-constantan temperature sca.le in
the reglon of 200° F.

4 "Y" shaped frame of bronze was used to support double copper
brushes, as shown in figure 14. The constantan center contact was
mounted within the arms of the bronze frame so that all three circuits
could be simlbaneously closed by one push bubbton. The srrangement
gshown in figure 14 was found to be free from bhe effects of vibration
and to have the same sensitlvity regardless of speed.

The center-contact plckup system previously described can be used
only in systems with one measuring thermocouple. The revolving swilitch
design shown In figure 8 1s adaptable to this center-contact system for
use with numerous thermocouples. Where the measuring Junctions have &
common ground on the mechine, however, then the swltch must be arranged
with only one linear bank of contacts in order to evold short clreuits
between the Jjunctions.

CONCLUDING REMARKS

The investigation described herein has resulbted in the development
of methods for reading thermocouple temperatures on rotating madhinery
that introduces errors less than £0.045 millivolt {or #1.9° on the
chromel-alumel scale and 11.5° F on the iron-constantan scale).
Rotating switches (22,000 rpm for l-in.-dlam, slip ring) have
been developed that permit reading of several thermocouples
through a single peir of slip rings.

Lewls Flight Propulslon Isboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohlo.



10 ' ’ . NACA RM E50J23e

REFERENCES

1. Mueller, E. F., and Sligh, T. S., Jr.: Isboratory Hypsometer. dJour.
Optical Soc. Am,., vol. 6, no. 9, Nov. 1922, pp. 958-964.

2. Roeger, Wm. F., and Wensel, B. T.: Methods of Testing Thermocouples
and Thermocouple Materisis. EFP 768, Nat. Bur. Standards Jour. Res.,
vol. 14, no. 3, March 1935, pp. 247-282. i

3. Fishenden, M., and Saunders, O. A.: The Brrors in Gas Temperature
Measurement and Their Calculation. Jour. Inst, Fuel, vol. XII,
no. 64, March 1939, pp. S5-15; discussion, pp. 8S82-107.

4, Roeser, W. F.: Thermoelectric Thermometry. Temperature - Its Measure-
ment and Control in Scienee and Industry 5 Reinhold Pub Corp., 1941,
Pp. 180-208, . .

L202



219¢ . 2007

BEZLOSE W VOVM

Commections in thermal contaot

Ty (Reference Janotion

Conneotione in thermel contac
[ ~at potentiometer)

|
ﬂ!hemooau;io/ I
metal B e Lemeforeh

Revolving clroult 1 Btationary eclrcuife—w

l———‘m-oower oi'muit———-l SN

Mgure 1. - Schomabioc dlagrem of compensated thermocoupls pilcknp symtem.

Potentlamter

Tt




Y

{ Measuring
Junction)

Revclving ciroult

YELEALEOD

sl

g

All-copper oirouit

L 104

~—Thermocouple wells

J_

P

1

10-12"

Potentlomster

. indtcator

| Steam outlet vented to
barometric pressure

condensatlon drein

v

Flgwe 2. - Arrengement of parte in pmactical shaft-end piokup of compensated type.

e F o

2T

BEEr0ST W VOVH




N
I .

BT







20217

oL |73

NACA RM ES50J23a 15

‘temperature

zZone
Steam
outlet

Drive motor.

1
}
n
|
n
i
|
|
___I_i

Chromsl '
Alumel

N
=]
[

/

- —— i — et ——  —

Copper slip rings

A e Tt r S T — P P o e A

Bifiliar
spiral
@ ®@
Shaft und - "
gro !,‘_" ___________
=
! ll '
]
¢ o
T4

Automatlic
temperature
indicator

Steam hypsometer chamber

TIEXTTT

¥
M

Figure 4. ~ Laboratory epperatus for measuring signel error through compensated thermo-
couple plckup system.




-
\\4

LN TS

ANV
T
1\

Tempersture differsnce bebtwsen T; apd Ty, °F

1A \—
Ty ani Tg in saturated air at 70° F
.TG
-1
" - |
) 1000 2000 5000 4000 5000

Burface spesd of 1.0-inoh-iameter slip ring, f1/min

§000

Flgure 5, - Differences in lpdicated temperature between & statiamary and a revolving therwocouple

a5 & funotion of elip-ring surface speed, using apparatus of figure 4,

L2082

ot

Te2MOSE W VOVN




11

Iink-pin betwsen
traveling yoke and
switch carriage

Btean Inlet
Copper

, 2027 . '

BEZLOSE T VOVN

i[ &
I % | \
|B Steam outlet gt i oller Switch shaft

Copper Plug- T |- Treveling yoke 2 1e
I_ Ty Blip oonnectors—a— _ ‘o:hm a
- Q rings. | . Thermooouple metal & EREA (v of

Copper

Antomatic
temperature
indicator

Thermocouple meta) B [IHIH

twelve Junotions)
s

S HACA

Figure 8. - Sohematlic diagrem of compensaisd t.harmoo\q:le_pinhxp Mt_ah-

LT







NACA BM ESCJZ23a

&,ﬂ[ R Y ity -

T\:. L :

C-24598.

Tigure 7, - Componsated thermogouple plokup snd autometic ewitch with end zens chewber.

19






2027

-NAGA BEM ES0J23a

Steam outlet

4

i
|

J
|
Hi
up
Stesm inlets —y .

e P _ -
e e il e
TR mmi i = o e e —
- ce .

ok A . iy

3witch control motor

Junotion thermocouple pilckup using center-type zome chamber.

- Figure 8, - Compensated 24-

2l






2195 el

tentioneter
Q lzoomansated) [j]\rl_(m' Y :
Bmall-diameter stainless-steel tmbing
Revolving mesber

/_Beerhricticns )
Copper olrcult - 1%2

BL2LOSE I VOVN

£
S

Thermocoupls |
metal A

Fi

— ——

TR

]
| I
i | 7 1
: :. Copper clroult
| I
| ! Flald inlet :;” s (00, 1)
1 | Bha
b 1 {11
! \!! /A ’9/111 Y A
i \ . 2 B A
VRS —~ —= T S A copper brushes
e *-—"-.;.i-i‘-——_ —— =) ¥ =l and glip-rings
> hl I i
*’c‘; Vlllllllll/ﬂ "ﬂ;i“»\\\\\\\\\\\\\\\\\\\\\\\1
' 1 .
r, (no. 2) Iiquid seal and 8lip-ring
Statiooary Tx 2 therml ingulator insulator

Ldquid : Junctlon
sonl:

R

5
AR
RN RTERSES

M_Tl {no. 2;) _

Tlgure 9. - Compeneated thermocomple plokup system veing liguid as zone-control medla.

€32



¥2

s hypodermic-tube oompensator
Junction commom to all Ty ocircults

hypodermic needle (0.087" 0.D.)

=S
inlet '
All-copper awltching ciroult
Te T3
T,  (Revolving o
' frmaticos) ) | 1 weara %
i Eypodernd c-needle ﬂ ( } T o
\ thermocouple tubes ! I Metal B Q
. I \ revolving wvith shaft W Relay-opsrated
i \\ : } 'E g 1 copper brushes
\ Looee £ . BRI
A tiine mete- B Al B 77, 1 /7, w——
| \‘ 'VIII/I/I/J’III/I}’/A /Z"I/I’I/Ilfl{’/ﬂﬁl/l f
. Indicating
| L A j-—__________ Copper potentdometer
A o (automatically
5 L Copper : compenza ted )
ﬁ "1 : r’ —__"d.____—__b_ 4%, __T:'_—_—
o8 (11 J
Shaft 1 : | wfE
ol
Anneler-ghroud steem | L = Min. 15D for 1l3-gage
1

& WG
|

{
|
rone chambsr of |
thin stainless steel !

o’

hi

Shroud divided Stean outlet "
Flgure 10, - Application of compensated pickup method vhere shaft ends are imaccessible,

BEELOSH M VOVH

. 202



Bervice oo)l
s
Bridge
o . B centering
—— J ad Jugtment
T coil for sutomtdc
F 1" funoticn) potentiometer ' N
1 (nicks). or copper) bl o ::
i‘|‘ " Copper cirenl a II
Copper slip — / 7 \ Y .
! 11 ringe exd / m AW '4 ! st::dlird
! l‘ brushes 7 —D S — ‘
Pl Metal 4 f* E

n‘l.n—'l. T UL L e T

B

—
—

Lz«m obanver Tp Sniolded ST

U copper oable

Flgure 1. - Reglotance compensated thermocouple pickup-
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Figure 1l2. ~ Laboratory apparatus for measuring siéml error thro'ugh' a oenter-ocntaot
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Mame 13. - Differences in indlcated temperature between o atationery end a revolving thermocouple
ap a fwnotion of slip ring surfacs speed using apparatus of fignre 12.
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Mgure l4. - Coppsr-constantan center-cantact thermocouple plokup wnit for use at speade up to 50,000 rym.
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